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Airborne Exposures During Deployment
ÅDesert dust and sand:
ÅAfghanistan, Iraq, Kuwait include desert regions

ÅDust storms 50-100 days/year in Iraq, spring and 
summer

ÅSand carries fungal spores, plant/grass pollens

ÅCombustion sources:
ÅPoorly controlled emissions from motor vehicles 

(old diesel),  unregulated industrial sources

ÅBurn Pits:  

ÅOpen-air waste burning was the primary 
means of solid-waste management  

ÅAt large bases ran continually  - visible smoke

Camp Bastion, Afghanistan, 2014 

Logistics Support Area, Balad, IraqImages: Army Times http://www.blogs.va.gov/VAntage/16192/ten-things-veterans-should-know-about-burn-pits
http://www.coasttocoastam.com/photo/view/sand_dust_storm_at_iraq_airbase/46040/

http://www.blogs.va.gov/VAntage/16192/ten-things-veterans-should-know-about-burn-pits
http://www.coasttocoastam.com/photo/view/sand_dust_storm_at_iraq_airbase/46040/


Burn Pits
ÅTrash includes batteries, equipment, 

plastics, medical and human waste. Jet 
fuel is typically used as an accelerant.

ÅThe largest burn pits were located in 
Iraq and Afghanistan 

ÅThe practice started during post-9/11 
invasion of Iraq 

ÅAction was not taken until 2011 to 
provide guidance to move pits away 
from areas where troops are located.

ÅMany burn pits replaced with proper 
incinerators after 2011.
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http://www.blogs.va.gov/VAntage/1
6192/ten-things-veterans-should-
know-about-burn-pits

At BaladAir Base ~150 tons of waste burned per 
day 2003-нллуΣ ŎƻƴǘƛƴǳŜŘ ǘƻ нлмм !ŦƎƘŀƴƛǎǘŀƴΩǎ 

bases were burning up to 400 tons per day at 
their peak

http://www.blogs.va.gov/VAntage/16192/ten-things-veterans-should-know-about-burn-pits


Burn Pits: Air Quality

ÅChemicals and byproducts emitted from burn pits include 
volatile organic compounds (VOCs), polycyclic aromatic 
hydrocarbons (PAHs), and PM with varying compositions 
including heavy metals.

ÅVery few ground-level sampling campaigns conducted during 
burn pit activity

- Report by US Army, Screening Health Risk Assessment, Burn Pit 
Exposure, BaladAir Base, Iraq ςTaylor, Rush, & Deck, 2008

- Report by DOD, Enhanced Particulate Matter Surveillance Program ς
Engelbrecht et al., 2008
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Health Effects

ÅMilitary personnel show higher rates of common respiratory illnesses 
like asthma and emphysema, as well as rare lung disorders.
ÅOccupational and base-related exposures in addition to regional and off-

base industrial source exposures

ÅDust storms are an issue for respiratory illnesses, affecting both 
military and local residents.

ÅThrough our VA partnership we are supporting the exposure 
assessment that is going into clinical- and researchςbased health 
assessments of veterans who were deployed in the region.
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A recently released NASEM 
report indicated  there are vast 
knowledge gaps in airborne 
exposure characterization in 
the southwest Asia region.

Recommend partnerships with 
other federal organizations to 
bridge these gaps.

https://www.nap.edu/catalog/25837/respiratory-health-effects-of-airborne-hazards-exposures-
in-the-southwest-asia-theater-of-military-operations

https://www.nap.edu/catalog/25837/respiratory-health-effects-of-airborne-hazards-exposures-in-the-southwest-asia-theater-of-military-operations


Study Objectives

ÅPrimary objectives
1. To develop exposures to fine particulate matter (PM2.5) during deployments 

to the U.S. bases and other locations in Central Asia (Afghanistan and 
Kyrgyzstan), Southwest Asia (Iraq, Kuwait, Qatar, and United Arab Emirates) 
and Africa (Djibouti) 
ÅMAIAC 1x1 km AOD coupled with meteorology (including visibility), MERRA2, land 

use, and available PM2.5 mass concentrations in region

2. To develop source-specific exposures of PM2.5 speciation (sulfate, nitrate, EC, 
OC, dust)
ÅMISR 4.4x4.4 km AOD types coupled with meteorology, MERRA2, land use and 

available PM2.5 speciation concentrations in Kuwait and Qatar 

3. To develop and implement a software tool for deployment-related exposure 
assessment
ÅTo be used in clinical and research settings by the VA and DoD 8



Study Objectives

ÅSecondary/exploratory objectives

ÅTo identify locations of and assess duration of burn pit exposures
ÅExamine MODIS fire and VIIRS active fire in proximity to base locations 

with burn pits

ÅApply density based clustering to identify persistent sources of burning, 
minimizing distance between base and identified fires (Franklin et al ES&T 2019)

ÅTo conduct epidemiological assessment with VA partners 
(CSP#595) and Kuwait hospital admissions and mortality records

ÅTo forge partnership with State Dept and provide exposures for 
embassies in SADA region

ÅTo provide use-case for MAIA mission (Kuwait a proposed MAIA 
secondary target area) 9



Military Bases

ÁDeclassified locations of 
1,274 military bases

ÁApproximately 
2,700,000 Post 9-11 
Gulf War Era veterans 
have been deployed at 
these locations since 
2001 



Progress on Primary Objective 1



Modeling PM2.5 from MAIAC AOD

ÁUsing MAIAC AOD, 
visibility stations and 
surface PM2.5 sites 
generated 1x1 km 
PM2.5 averaged over 
the entire study 
period.

ÁUpdating with 
additional PM2.5 data 
from Iran and openAQ



Á WeeklyPM2.5 concentrationsfor Iraq and Kuwaitat 1 km2 resolutionduring
2001-2018havebeenpredictedandthe databasesentto VA.

MAIAC AOD and mean PM2.5

concentrations (ɛg/m3) in each 1km2

grid for January 2001 over Kuwait and 

Iraq

PM2.5 estimates

Li, J et al (2020) A novel approach to estimate PM2.5 exposures with high spatial resolution for countries without air quality monitoring networks, In revision with ES&T

PM2.5 concentrations (ɛg/m3) 

in each 1km2 grid averaged 

2001-2018 over Kuwait and 

Iraq

Observed vs Predicted 

PM2.5 concentrations 

over Kuwait and Iraq



Air Quality Monitoring 
in Kuwait 

Á Characterization of Particulate Matter (PM10

and PM2.5 2004-2006)  for three Sites in 
Kuwait

Á PM10 ranged from 65.8 to 92.8 ˃Ǝ/m3, 
PM2.5 ranging from 30.8 ˃ Ǝ/m3 to 37.6 
˃Ǝ/m3

Á Since 2018 PM2.5 and PM10 at two sites by co-I 
Petros KoutrakisΩ ƎǊƻǳǇ όŘŀƛƭȅ Ƴŀǎǎ ŀƴŘ ·wCΣ 
ions, ICPMS).

Á One co-located at AERONET site (Kuwait 
U), other south of Kuwait city.
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Other Air Quality 
Monitoring in Region

ÅWe have acquired data from ~75 sites 
in Iran (1996-2016) for PM2.5 and 
some gases

ÅOpenAQdata from US Embassies in 
the region provide PM2.5 data from 
2017-present

ÅBahrain: Manama

ÅIraq: Baghdad

ÅKuwait: Kuwait City + 3

ÅSaudi Arabia: Dhahran

ÅUAE: Abu Dhabi & Dubai


